Twenty patients were with resection of the primary lesion and 6 were without, 8 were with postoperative adjuvant chemotherapy and 18 were without. The number of metastasized organs was 1, 2 and 3 in 17, 9 and 0 patients, respectively. The liver, lung, lymph node and peritoneum were metastasized in 9, 9, 11 and 5 patients, respectively. The KRAS gene was wild in 11, mutated in 7 and unknown in 8 patients. Bevacizumab with S-1 was used in 17 patients and bevacizumab with 5FU/LV was used in 9. Response and disease control rates were 50 and 100%, respectively. The median duration of progression-free survival was 9.1 months and the median time to treatment failure was 9.0 months. The incidences of all grades of neutropenia and hypertension were 31%, those of grade 3 or severer were 12%, and those of other adverse events were low. Grade 3 cerebral hemorrhage, grade 4 pulmonary embolism and grade 5 febrile neutropenia each occurred in 1 patient. Conclusion: The first-line chemotherapy combined bevacizumab with fluoropyrimidine for frail patients with unresectable or metastatic colorectal cancer in Japan was comparable to the safety and efficacy of combination therapy reported previously in Western countries.
Background
The median overall survival (OS) was about 2 years in several pivotal phase III studies of chemotherapy for unresectable or metastatic colorectal cancer, in which combination therapy with 3 anticancer drugs (oxaliplatin or irinotecan and fluoropyrimidine) and a molecular target drug administered as a first-line treatment showed efficacy, and these therapies are considered as the standard treatment [1] [2] [3] .
In several phase III clinical studies performed before the introduction of any molecular target drug, oxaliplatin or irinotecan and fluoropyrimidine combination chemotherapy as a first-line treatment were compared with the sequential chemotherapy started with fluoropyrimidine treatment followed by oxaliplatin or irinotecan as the second-line treatment, and no significant difference was noted in the median OS in any of these clinical studies [4] [5] [6] . The response rate was higher in combination chemotherapy, whereas progression-free survival (PFS) of sequential chemotherapy was comparable. Regarding adverse events, toxicity was lower in sequential than in combination chemotherapy, attracting attention.
It has been found that cure or long-term survival may be achieved when curative resection of the liver is performed after a response to chemotherapy in patients with liver metastasis alone [7] . As a therapeutic strategy, it has been proposed to select combination chemotherapy for patients requiring an active approach in whom curative resection may be possible after responding to chemotherapy, and sequential chemotherapy for patients for whom stability of the disease condition is important rather than responses and also those without a tumorassociated symptom not requiring an aggressive approach [8] .
On the other hand, many colorectal cancer patients are elderly, aged 65 years or older, in whom the incidence of complications is high and many are frail patients. The incidence of adverse events, particularly neutropenia, is high in combination chemotherapy in the elderly compared to that in the non-elderly, although the efficacy is similar [9] [10] [11] [12] [13] [14] . The characteristics of adverse events induced by 5 types of anticancer drug effective for colorectal cancer are as follows: the incidence of anti-epidermal growth factor receptor (EGFR) antibody preparation-induced skin toxicity is high, oxaliplatin is likely to protract peripheral sensory neuropathy, irinotecan induces diarrhea, malaise and depilation, bone marrow toxicity of oxaliplatin and irinotecan is slightly high, whereas the incidences of gastrointestinal hemorrhage/perforation and thrombosis caused by an anti-vascular endothelial growth factor (VEGF) antibody preparation, bevacizumab, are very low, and the incidence of severe adverse events induced by fluoropyrimidine is lower than those induced by oxaliplatin and irinotecan. These characteristics suggest that the incidence of adverse events in chemotherapy combined bevacizumab with fluoropyrimidine may be lower than that in 3-drug combination therapy, making it more suitable as the first-line chemotherapy for frail patients, mainly the elderly.
The usefulness of chemotherapies combined bevacizumab with 5FU/LV or capecitabine has been shown in several clinical studies: these were administered to frail patients as a first-line treatment in the AVF2192g study [15] and as a sequential chemotherapy in the MAX study [16] . The median PFS times achieved by chemotherapy combined bevacizumab with fluoropyrimidine in these studies were 9.2 and 8.5 months, respectively, which were comparable to those achieved in pivotal phase III studies in which oxaliplatin or irinotecan was additionally combined (9.4 [1] , 8.9 [2] and 9.6 months [3] ).
In Japan, chemotherapy combined bevacizumab with S-1 achieved a favorable anti-tumor effect (response rate: 57%, PFS: 9.9 months) and caused low incidence of adverse events in frail patients aged 65 years or older in a phase II study (BASIC study), but the number of studies is still insufficient [17] . The efficacy and safety of chemotherapy combined bevacizumab with S-1 or 5FU/LV as a first-line for frail patients with unresectable or metastatic colorectal cancer were investigated based on the outcomes obtained at our hospital.
Subjects and Methods

Subjects
Twenty-six patients diagnosed with unresectable or metastatic colorectal cancer at our hospital between October 2007 and December 2010 in whom treatment was started as chemotherapy combined bevacizumab with S-1 or 5FU/LV [modified Roswell Park Memorial Institute (RPMI) regimen] were retrospectively investigated. They were aged 65 years or older with an Eastern Cooperative Oncology Group (ECOG) performance status of 0-2 and met one or more of the following conditions: serum albumin ! 3.5 g/dl, past medical history of radiation of the abdominal region or pelvic cavity, and incompatibility with oxaliplatin and irinotecan. This is the same as the eligibility criteria of the AVF2192g study [15] .
Treatment Protocol
In chemotherapy combined bevacizumab with S-1, the daily dose of S-1 was set as follows based on the body surface area (BSA): 80 mg/day for BSA ! 1.25 m 2 , 100 mg/day for 1.25 m 2 ^ BSA ! 1.5 m 2 , and 120 mg/day for BSA 6 1.5 m 2 . The drug was orally administered twice a day daily for 28 days, followed by a 14-day withdrawal. Bevacizumab was administered at 5 mg/kg by 30-to 90-min drip infusion on days 1, 15 and 29 (2-week intervals). One complete cycle was comprised of a total of 42 days.
In chemotherapy combined bevacizumab with 5FU/LV (modified RPMI regimen), 250 mg/m 2 of LV was administered by 2-hour drip infusion and 600 mg/m 2 of 5FU was administered by intravenous bolus injection on days 1, 8 and 15. Bevacizumab was administered at 5 mg/kg by 30-to 90-min drip infusion on days 1 and 15 (2-week interval). One complete cycle was comprised of 28 days.
Assessment of Outcome
Reponses were evaluated following the Response Evaluation Criteria in Solid Tumors version 1.0 before and after therapy in each patient. Complete response (CR) and partial response (PR) were confirmed when judged twice or more consecutively at a 4-week or longer interval.
PFS was defined as the time between the days on which consent for treatment initiation was obtained and disease progression was confirmed. When disease progression could not be confirmed, it was defined as the time until death. OS was defined as the time between the treatment initiation and death and, when death could not be confirmed, it was defined as the time until the final confirmation of survival. PFS and OS were analyzed employing the Kaplan-Meier method.
Adverse events were evaluated based on the worst grade observed during the treatment period following the Common Terminology Criteria for Adverse Events (CTCAE) v3.0. Protocol of this retrospective research approval was obtained from an institutional ethics committee at our hospital.
Results
The patient characteristics are shown in table 1 . Median age was 72 years (range 66-84). ECOG performance status was 0, 1 and 2 in 8, 17 and 1 patient, respectively. The primary lesion was located in the colon in 14 patients and in the rectum in 12. Twenty patients were with resection of the primary lesion and 6 were without, 8 were with postoperative adjuvant chemotherapy and 18 were without. The number of metastasized organs was 1, 2 and 3 in 17, 9 and 0 patients, respectively. The liver, lung, lymph node and peritoneum was metastasized in 9, 9, 11 and 5 patients, respectively. The KRAS gene was wild in 11, mutant in 7 and unknown in 8 patients, and treatment was chemotherapy combined bevacizumab with S-1 in 17 patients and chemotherapy combined bevacizumab with 5FU/LV in 9.
Regarding the efficacy, response was CR in 1, PR in 12, stable disease in 13, progressive disease in 0 and not evaluated 0 patients. The response rate was 50% and disease control rate was 100%. The median PFS was 9.1 months (95% CI 8.0-10.2; fig. 1 ). The median time to treatment failure was 9.0 months (95% CI 6.9-11.1; fig. 2 ), median OS was 28.9 months (95% CI 19.6-38.2) and median duration of follow-up was 20.7 months.
The mean relative dose intensity of chemotherapy combined bevacizumab with S-1 was: S-1 94.0% (range 66.5-100) and bevacizumab 62.0% (range 3.1-100), and that of with 5FU/LV was: 5FU 76.6% (range 68.6-91.3) and bevacizumab 71.7% (range 49.0-91.3).
The incidence of neutropenia at all grades was 31% and that of grade 3 or severer was 12%, the incidence of hypertension at all grades was also 31% and that of grade 3 or severer was 12%, showing low incidence, and those of other adverse events were also generally low. Grade 3 cerebral hemorrhage, grade 4 pulmonary embolus and grade 5 febrile neutropenia occurred each in 1 patient ( table 2 ) . First-line therapy was continued in 4 patients (15%), discontinuation of therapy occurred due to the following reasons: CR in 1 patient (4%), resection of liver metastasis in 1 (4%) or lung metastasis in 1 (4%), disease progression in 18 (69%) and adverse events in 3 (12%; cerebral hemorrhage, pulmonary embolus and FN). Excluding 7 patients under the first-line of therapy or course observation, 84% of patients received second-line chemotherapy: FOLFOX/XELOX was administered to 5 patients, FOLFIRI/IRI to 9 and 5FU/LV to 2.
Discussion
We investigated the safety and efficacy of chemotherapy combined bevacizumab with fluoropyrimidine for elderly or frail patients with unresectable or metastatic colorectal cancer. The response rate was 50%, disease control rate was 100% and PFS was 9.1 months. These result suggest that such combined therapy might be useful for frail patients. However, this was a retrospective study performed at a single facility, not a prospective clinical study, and no statistical endpoint was established, showing the limitations of the study. Moreover, patient selection was biased and the OS observation period was short, indicating that the data are still immature.
Several clinical studies have reported the efficacy and safety of chemotherapy combined bevacizumab with fluoropyrimidine. In the AVF2192g randomized controlled phase II study involving frail patients, the primary endpoint, PFS, was 5.5 months in 5FU/LV therapy and 9.2 months in chemotherapy combined bevacizumab with 5FU/LV, suggesting the usefulness of combination with bevacizumab, and the therapy was tolerated with regard to safety [15] . Similarly, in the MAX study, which was a phase III study of chemotherapy combined bevacizumab with capecitabine, PFS was 5.7 months in capecitabine monotherapy and 8.5 months in chemotherapy combined bevacizumab with capecitabine, showing the usefulness of combination with bevacizumab [16] . In a phase II study of chemotherapy combined bevacizumab with capecitabine involving elderly patients, PFS was 10.8 months, suggesting high-level efficacy, and tolerability was also high [18] . In Japan, marked efficacy was also obtained in a phase II study (BASIC study) of chemotherapy combined bevacizumab with S-1 involving 65-year-old or older frail patients, in which PR was 57% and PFS was 9.9 months [17] .
Regarding the efficacy, the common points of reports on chemotherapy combined bevacizumab with fluoropyrimidine are a slightly lower response rate than that of the standard combination therapy but comparable disease control rates and PFS. Based on these common findings, the standard combination therapy may be desirable for patients requiring tumor size reduction at the time of treatment initiation, but chemotherapy combined bevacizumab with fluoropyrimidine may be appropriate for patients for whom marked tumor size reduction is not nec- 4 essary but stabilization of the disease condition is, i.e. cases aiming at curative resection after tumor size reduction and treatment for those with no tumor-associated symptoms. It has been reported that the efficacy of combination therapy with oxaliplatin or irinotecan does not differ between elderly and young patients [9] [10] [11] [12] [13] [14] . The efficacy of chemotherapy combined bevacizumab with fluoropyrimidine may also be similar in elderly and young patients because PFS in chemotherapy combined bevacizumab with capecitabine involving elderly patients in a phase II study was not markedly different from that in the MAX study, in which young patients were included [16, 18] . Regarding safety, the common points of reports on chemotherapy combined bevacizumab with fluoropyrimidine were a lower incidence of adverse events, particularly neutropenia, than that in clinical studies of the standard combination therapy, and the incidences of all grades and grade 3 or severer neutropenia were 31 and 12%, respectively [1-3] . The incidence of bone marrow toxicity, such as neutropenia, is high in combination therapies with oxaliplatin and irinotecan, particularly in elderly patients [11] [12] [13] [14] [15] [16] , and the induction of febrile neutropenia is of concern.
Many colorectal cancer patients are elderly, aged 65 years or older, and complications increase as patient age advances [19] , meaning it can be difficult to apply chemotherapy to frail patients due to the increasing likelihood of complications. Since the patients in this study were also 65 years old or older, it included many frail patients. Regarding adverse events, the incidences of all grades and grade 3 or severer hypertension were 31 and 12%, respectively, which were higher than those in reported clinical studies. This may have been due the high age of the patients, rather than blood pressure elevation newly induced by bevacizumab.
One patient under chemotherapy combined bevacizumab with S-1 developed proteinuria in the 2nd cycle and bevacizumab administration was discontinued after day 15 in that cycle. Accordingly, the relative dose intensity of bevacizumab was 3% in this patient, but dose intensity of bevacizumab in chemotherapy combined bevacizumab with S-1 was high (81%) in the other 16 patients, and proteinuria in this patient was reversible. Therefore, the tolerability of the therapies was high, suggesting highlevel safety. However, grade 3 cerebral hemorrhage, grade 4 pulmonary embolism and grade 5 febrile neutropenia occurred each in 1 patient. Performance status is likely to decrease earlier in elderly or frail patients than in young patients as adverse events develop, requiring treatment as early as possible in many cases. Thus, attention should be paid to the development of adverse events. In actual clinical practice, standard combination chemotherapy is started at a dose lower than the recommended dose because of safety concerns in relatively many cases, but the efficacy of chemotherapy administered at a reduced dose has not been clarified. It is possible that the efficacy of sequential chemotherapy without dose reduction is higher than standard combination chemotherapy with dose reduction.
Although there have been fewer reports of clinical studies on the usefulness of sequential chemotherapy using molecular target drugs, there was no significant difference in OS between sequential chemotherapy started with fluoropyrimidine monotherapy as the first-line treatment followed by oxaliplatin or irinotecan as the second-line or later treatment, and chemotherapy combined fluoropyrimidine with oxaliplatin or irinotecan as the first-line therapy in the FOCUS [4] , CAIRO [5] and FFCD 2000-2005 studies [6] , suggesting the usefulness of sequential chemotherapy.
In a study of chemotherapy combined fluoropyrimidine with anti-EGFR antibody involving untreated elderly patients, the response rate was 31.8% (95% CI 20.9-44.4) and PFS was 7.1 months, which is not superior to treatment with anti-EGFR antibody preparation alone, and the incidences of grade 3 or severer adverse events were high (skin toxicity 30%, hand-foot syndrome 22% and diarrhea 18.5%), showing that it is not a favorable relationship [20] .
In conclusion, the first-line chemotherapy combined bevacizumab with fluoropyrimidine for unresectable or metastatic colorectal cancer frail patients in Japan was comparable to the safety and efficacy of combination therapy reported previously in Western countries. Because chemotherapy combined anti-VEGF antibody with fluoropyrimidine is lower than the other chemotherapy regimen regarding toxicity, further clinical studies may be necessary for such combined chemotherapy not only as a treatment more tolerable for frail patients than other drug therapies, but also as the first-line treatment of sequential chemotherapy.
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